Using two national surveys of calcifugous grasslands we examined the potential for 37 using: the presence or absence of indicator species, the cover of indicator species, the 38 species richness and richness of functional groups, and the cover of functional groups 39 as indicators of N deposition impacts. Of all the potential indicators investigated, 40 graminoid:forb ratio was found to be the best indicator of N deposition impacts. It 41
Introduction 50
In recent years, atmospheric deposition of nitrogen (N) has become a serious concern 51 for nature conservation managers and policy makers. It has the potential to alter 52 species composition, species richness and soil chemistry in a range of habitats through 53 acidification and enrichment. In grasslands, addition of nitrogen typically reduces 54 species richness (e.g. Mountford have an acid pH are much more sensitive to further acidification (Skiba et al., 1989) . 65
There is clear evidence for acidification of soils and metal availability that can be 66 Nitrogen deposition also has the potential to increase the amount of nitrogen in the 70 soil that is available to plants . This nitrogen may be stored in 71 the soil or used by plants for increased biomass production. Grasslands dominated by 72 species typical of nutrient poor environments are more likely to be impacted by theenrichment of the soil by N deposition through changes in their species composition 74 and an increase in competitive species (Smart et al., 2003) . Grass:forb ratio also showed a significant relationship (r 2 =0.05, p<0.001) with N 244 deposition in CS data (Figure 4a ). An alternative to a grass:forb ratio is a 245 gramnoid:forb ratio where the cover of grasses and sedges are included together. 246
Although cover of sedges may not show a response to N deposition alone, in mostcases they are a small component of the vegetation so the combined cover shows a 248 very similar pattern to the grass:forb ratio in both data sets (Figure 4b) . 249
250

Discussion and Conclusions 251
The presence or absence of indicator species is commonly used in CSM assessment of 252 site condition in the UK. However, all of the species identified as potential indicators 253 in this study were found across the range of N deposition in the UK (Figure 2 are some drawbacks to using species richness as an indicator of N deposition impacts. 331
Species richness is also governed by many different factors (including vegetation 332 management), so care would need to be taken in interpreting the data. For example, 333 species richness shows a typically unimodal relationship with the full length of the 334 substrate productivity gradient so species richness may be increased initially by 335 increasing the nutrient status of the soil but will fall at higher nutrient levels, hence 336 the expected direction of change needs to be supported by carefully establishing the 337 starting community type, i.e. being certain the monitored stand qualifies as acid 338 grassland. It is also time consuming to collect species richness data and requires a 339 trained botanist, especially in this typically grazed system. Species do not all need to 340 be identified, but there is a need to distinguish all distinct species, including mosses 341 and grasses. This probably makes it prohibitively time consuming for incorporation 342 into a rapid assessment scheme, but the value of species richness as a potential 343 indicator should be considered. Setting a level of species richness to indicate habitats 344 that are negatively impacted by N deposition is hard with these trends, but a richness 345 of below 10 species per 2 x 2m quadrat is consistently associated with higher N 346 deposition in both of the data sets examined in this study.
348
The decline in forb richness accounted for the majority of the species loss in both data 349 sets and a decline in pleurocarpous moss richness was also observed in the Stevens 350 data. Neither of these relationships was as strong as species richness, yet they present 351 the same difficulties. In addition to the problems of collecting richness data described 352 above, finding mosses in a closed sward requires careful attention and specialist 353 knowledge is needed to distinguish species. Of the variables investigated, the most promising as indicators of N deposition 423 impacts were species richness, forb richness and graminoid:forb ratio (based on % 424 cover). Of these variables, the graminoid:forb ratio is the easiest to apply and most 425 reliable in a rapid assessment monitoring scheme. Although estimating the relative 426 cover of these groups is not always easy in a species-rich grassland, it would be 427 relatively easy to apply this indicator within the UK's current CSM framework, since 428 cover of forbs is already estimated in the CSM guidance for upland acid grasslands 429 
